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Purpose and Scope

Scientific experts widely agree that a rapidly warming climate resulting primarily from the burning of
fossil fuels will force major range shifts and substantially increase extinction risk for large numbers of
species (e.g., Audubon 2015). Reducing this risk to wildlife as well as to human systems will require
major shifts in energy production to non-carbon emitting sources. Wind energy is a major component of
the strategy to reduce carbon emissions, and the amount of electricity generated by wind energy has
grown substantially in the past 15 years. However, a recent IPCC Report indicates that the pace and scale
of emission reductions needs to accelerate to keep temperature increases by the end of the 215t century
to a level (1.5 degrees C) that reduces the risk of unmanageable and accelerating temperature increases
(IPCC 2018). The IPCC 2018 report indicates that 49%-67% of “primary energy” must come from
renewable energy, including wind, by 2050 to avoid a more than 1.5 degrees C increase. Achieving that
goal would increase already ambitious targets as outlined in the U.S. Department of Energy Wind Vision,
which proposes that 20% of U.S. electricity should come from wind energy alone by 2030 and 30% by
2050 (U.S. Department of Energy 2015). In 2017, 6.3% of energy in the U.S. was generated by wind, and
17% was generated by all renewable sources combined (EIA 2018).

Like all energy sources, wind energy can have adverse impacts to wildlife. Since the early 2000s, surveys
at wind facilities have shown that some bat species, such as migratory tree bats, can collide with wind
turbines and be killed in large numbers, particularly in the Midwestern and Appalachian regions of the U.S.
(Arnett et al. 2008). The magnitude and ubiquity of bat fatalities has raised serious concerns among
wind-wildlife stakeholders about the long-term viability of the bat species with the highest estimated
fatality rates (e.g., Frick et al. 2017). Uncertainties remain about the impact of wind energy on bats, and
substantial efforts are underway to reduce those uncertainties. In a precautionary approach, some
permitting authorities are restricting operations of wind turbines to reduce bat fatalities (Alberta, Ontario,
Pennsylvania), but some of these restrictions may pose risks to the economic viability of the operations
of current and future projects.

Can we develop wind energy at the pace and scale needed to meet emission reduction goals and not
imperil bat populations as we do so? Can we protect bats without impeding the contribution of wind
energy to emission reduction targets that are needed in the next two decades? The IPCC 2018 report
indicates that we have limited time to answer these questions.

To identify a path toward answering these and other questions, the American Wind Wildlife Institute
(AWWI) developed a National Wind Wildlife Research Plan to identify and prioritize key areas where
additional, strategically targeted research investments were needed to advance:

e Our understanding of the nature and magnitude of the impacts of wind energy on wildlife and
wildlife habitat

e The development, evaluation, and widespread application of strategies to avoid, minimize, and
compensate for those impacts when necessary to conserve healthy wildlife populations

The National Research Plan articulates that reducing risk to bats presented the greatest conservation
challenge to wind energy development. This bats and wind energy white paper updates the goals of the
National Research Plan to reflect the increased urgency in addressing the challenge of bats and wind
energy. The revised goals focus recommendations on those topics most likely to reduce key uncertainties
regarding understanding of the risk to bats from wind energy and our ability to mitigate that risk. Although
scientific research is essential for answering the questions posed above, we also recommend a
structured conversation with wind-wildlife stakeholders to achieve a shared understanding of the pace
and scale of renewable energy siting needed to help limit the wildlife impacts of climate change as we
minimize impacts to bats.
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Bats of the U.S. and Canada

Bats are considered an ecologically important group, and conservation concerns about bats in general
are long-standing and numerous. Detailed reviews covering bat biology and conservation have been
published over the years (Kunz and Fenton 2003, Lacki et al. 2007b). In particular, several reviews have
summarized what we know about the impacts of wind energy on bats and potential hypotheses for those
impacts (Johnson 2005, Arnett et al. 2007, 2008, 2016, Kunz et al. 2007, Cryan and Barclay 2009, Arnett
and Baerwald 2013, Hein and Schirmacher 2016, Barclay et al. 2017). This white paper draws heavily on
these reviews; the research literature on bats and wind energy; and published information on bat ecology,
distribution, and, when available, population trends.

This section provides a brief overview of bat biology, ecology, and status, focusing specifically on those
attributes relevant to understanding the risk that wind energy development and operation poses to North
American bat species. Concerns about the risk of wind energy to bats, of course, are not limited to North
America, and have been the subject of considerable discussion in other countries and regions. The scope
of this white paper, however, is limited to bats and wind energy in the U.S. and Canada.

Distribution and Diversity

Bats are the second-most diverse order of mammals, numbering well over 1,000 species worldwide.
Recent reviews describe 45-47 species comprising five families? in the continental U.S. and Canada, with
the most diverse family being Vespertilionidae, representing 34 species (Harvey et al. 2011, Hammerson
et al. 2017; See Appendix A). Bat species diversity is higher in the New World tropics than in more
northern latitudes. For example, there are 138 species in Mexico (Medellin et al. 2017), and the northern
limit of several North American species’ ranges occur in the southwestern or southeastern U.S. (Figure 1).

Life History

Bat species in the U.S. and Canada exhibit diverse behaviors. It is convenient to describe two major
groups of bats based on their behavior during the periods of cold temperatures and low food availability
characteristic of much of the U.S. and Canada:

1. The first group, commonly referred to as cave-hibernating bats, comprises species that undergo
torpor and overwinter in caves, mines, and other sheltered areas that have low but stable
temperatures. Hibernacula may contain both males and females. These species may undergo
arousal from torpor at multiple times throughout the winter, although the function of this arousal
is unclear, and it is energetically expensive (Thomas et al. 1990, Halsall et al. 2012). Females of
these species may also aggregate in maternity roosts and undergo substantial “regional
migrations” of hundreds of miles and back to these roosts over the course of a year (e.g., Loeb
and Winters 2013). Cave-hibernating bats tend to be colonial and utilize day roosts during the
summer including human-made structures, tree cavities, loose bark, etc. (Carter and Menzel
2007), and some are also known to use human-made structures for winter hibernation (e.g.,
Halsall et al. 2012).

2. The second group of bat species include foliage-roosting species (e.g., Carter and Menzel 2007)
and are often referred to as migratory tree bats. Species in this group migrate latitudinally to
warmer locations, undergo torpor of varying lengths during cold periods, and arouse frequently to
feed during the winter months. The winter ranges of male and female tree bats may be mostly
non-overlapping (e.g., Cryan 2003, Cryan and Veilleux 2007, Cryan et al. 2014b). Individuals in this

1 Bat taxonomy and systematics, like other taxa, undergo revision, especially as new molecular data becomes
available. The range in the number of species recognized for North America reflects whether recent species splitting
is agreed to, or whether it is agreed that the geographic range of a species occurs in North America.
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group tend to be solitary year-round. This group includes the species that are the most common
fatality incidents at wind energy facilities.

Several bat species of the deserts of the southwestern U.S. typically don’t have freezing temperatures to
contend with and don’t fall neatly into the two categories above. Some southwestern bat species do roost
in caves to avoid the heat and dryness of the desert day. Other bat species in this region can’t hibernate
and thus migrate during periods of low food availability.

During warm seasons all bats roost during daylight hours for protection from predators (Brigham 2007).

Most North American bat species are insectivorous, typically using echolocation to find and capture flying
insect prey, although some bat species may also capture “perched” insects by gleaning them from
surrounding surfaces. At least three North American bat species forage on flowers and fruit and undergo
seasonal movements to track the availability of their food supply.

Bats have a collection of life history attributes considered unusual for small mammals, including a long
life span and low fecundity. These attributes have implications for the consequences of additional
mortality from wind turbine collisions. Barclay and Harder (2003) hypothesized that these traits are
associated with low extrinsic mortality, reflecting a low predation risk due to a nocturnal flying habit. Most
bat species in North America have single litters and single young, although some species have twins.
Bats in the genus Lasiurus are a general exception to this pattern and are unusual in having four
mammary glands (Carter and Menzel 2007). Although also having a single litter, litters in this genus may
contain 2-4 young. Survival rate within litters of multiple young is unknown.

The reproductive cycle apparently is not known for all bats in the U.S. and Canada. However, in the bat
species that have been examined, delayed fertilization is a common feature, particularly in vespertilionid
bats (e.g., Orr and Zuk 2013).

For migratory tree bats and cave-hibernating bats in northern U.S. and Canada that have delayed
fertilization, the following describes a “typical” life cycle:

1. Swarming:
a. Mating in late summer-early fall
b. In cave-hibernating bats this occurs near hibernacula
c. Fertilization is delayed until spring
d. “Lekking” may occur in some migratory tree bat species
2. Over-wintering:
a. October-November through April of the following year in hibernating bats
b. Migration of tree bats occurs earlier, in August through early October
3. Ovulation and fertilization:
a. Inspring;
b. In hibernating bats, when females awaken
4. Formation of maternity colonies:
a. Occurring soon after emergence
b. Of various sizes in colonial species, but typically individual females in solitary species
5. Gestation
a. Variable, for example, 50-60 days in Myotis; 80-90 days in Lasiurus
6. Weaning:
a. Occurs 5-6 weeks post-partum
b. Young may become capable of flight at 3-4 weeks
7. Reproductive maturity:
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